A general scheme for approaching the objective of Ecological Quality Status (EcoQ) classification of zoobenthic marine ecosystems is presented. A system based on soft bottom benthic indicator species and related habitat types is suggested to be used for testing the typological definition of a given water body in the Mediterranean. Benthic indices including the Shannon-Wiener diversity index and the species richness are re-evaluated for use in classification. Ranges of values and of ecological quality categories are given for the diversity and species richness in different habitat types. A new biotic index (BENTIX) is proposed based on the relative percentages of three ecological groups of species grouped according to their sensitivity or tolerance to disturbance factors and weighted proportionately to obtain a formula rendering a five step numerical scale of ecological quality classification. Its advantage against former biotic indices lies in the fact that it reduces the number of the ecological groups involved which makes it simpler and easier in its use. The Bentix index proposed is tested and validated with data from Greek and western Mediterranean ecosystems and examples are presented. Indicator species associated with specific habitat types and pollution indicator species, scored according to their degree of tolerance to pollution, are listed in a table. The Bentix index is compared and evaluated against the indices of diversity and species richness for use in classification. The advantages of the BENTIX index as a classification tool for ECoQ include independence from habitat type, sample size and taxonomic effort, high discriminative power and simplicity in its use which make it a robust, simple and effective tool for application in the Mediterranean Sea.
Introduction
Environmental and in particular ecological quality indicators are being developed at a national level by many countries as part of their international obligations such as those under Agenda 21 and OECD reviews. However, most countries focus on chemical parameters. Yet, direct chemical analyses of water and sediment, which are usually very sensitive and accurate, do not necessarily reflect the actual ecological state, for several reasons (for a detailed discussion see PHILLIPS & RAINBOW, 1994) .
The impacts of human activities on the biological diversity, extending from gene to ecosystem, are most evident in coastal areas. Besides eutrophication, activities known to affect significantly the biodiversity of coastal ecosystems include shipping (oil spills, exotic species), industry (chemical effluents), dredging and dumping, fishing and mariculture, biological invasions, tourism, etc.
At the European level, the development of biological indicators, as a tool for the knowledge of the environment and hence the protection of biological diversity of coastal and marine ecosystems has been advanced through the implementation of the HABITATS directive, the biological quality elements of the Water Framework Directive (WFD), the Integrated Coastal Zone Management (ICZM) proposal, the Bathing Waters Directive and others. Moreover, the European Commission is funding several initiatives such as the European Platform for Biodiversity Research Strategy (EPBRS), the BIOMARE concerted Action, and Research projects in the framework of which the development of marine biodiversity indicators are key issues.
Among the biological quality elements for the definition of ecological status in coastal waters in WFD are the Composition and abundance of benthic invertebrate fauna. A general evolutionary pattern of the macrobenthic biocoenosis of the soft bottom substrate under the influence of a perturbation factor (of anthropogenic origin) has been described world-wide, based on the work of PEARSON & ROSENBERG (1978) , and in the Mediterranean by PERES & BELLAN (1973) .
Zoobenthos, through the long history of Mediterranean research, has been tested to be a biological element which can be reliably used for the classification of coastal and transitional water bodies. This is due to the stability and consistency of community structure and composition under given natural conditions, the uniformity of the various types of habitats encountered throughout the Mediterranean ecoregion, and the responsiveness to major environmental or anthropogenic changes.
An early discussion on the derivation and value of Ecological Quality Standards (EcoQS) and Objectives (EcoQO) is given by ELLIOTT, (1996) . In the North Sea, measurement of EcoQ has focused on the state of benthic communities based on the two community attributes: species diversity, and community structure and functioning (De BOER et al., 2001) .
The Mediterranean coastal zone has seen accelerated urban development and industrialization in recent years. Both domestic and industrial waste are becoming an increasing threat to coastal marine habitats. Recent literature pertaining to the response of benthic communities to the increased stress in the Mediterranean region (ROS & CARDELL, 1991; CARDELL et al., 1999; LAMY & GUELORGET, 1995) have highlighted the usage of benthic community parameters in defining short or long-term changes (SALEN-PICARD et al., 1997) . In order to conserve these environments, sensitive and reliable models must be developed and calibrated for monitoring marine pollution.
The development and choice of the most appropriate tools for treating and evaluating benthic data for the scope of typology and classification processes is essential. Specifically, the need to proceed towards conforming with the requirements of the EU Framework Directive for the Water Policy (EEC, 2000) , was the initial drive to review and reevaluate the use of benthic indicators and to investigate possible use of novel indices. This work presents the development of a new biotic index based on the initial idea of BORJA et al. (2000) to combine the percentage abundances of five ecological groups in a single formula resulting to a series of numeric values. The novelty of this new index called BENTIX lies in the idea of treating benthic species as belonging to two wider ecological groups, the sensitive and the tolerant ones, thus reducing the number of the ecological groups used in the formula from five to actually two. This reduction (without jeopardising reliability) aims to simplify the whole procedure avoiding at the same time the uncertainty of assigning species to one of five ecological groups. The paper also presents a reevaluation of the use of other benthic indicators as the diversity and species richness indices and compares them with the Bentix index. Finally, the paper provides a guidance towards the implementation of the requirements of WFD following all steps from the typology testing to classification using the descriptive tools of the macrozoobenthos quality element, all from a global viewpoint figuring the whole Mediterranean Sea.
Materials and Methods
Macrozoobenthic data compiled for this work concern the whole Mediterranean Sea and especially the Greek seas. Figure 1 shows the relationship among the various steps taken towards achieving the definition of the ECoQ in the Mediterranean ecoregion by using the macrozoobenthos element. Macrozoobenthos as a biological element comprises of sensitive and tolerant species according to their degree of tolerance to stress factors. Sensitive species are used for the characterisation of the habitat type and hence the testing of the typological definition of a given water body. Both sensitive and tolerant species are taken into account in the calculation of the Bentix index and the biological indices of Shannon diversity H' (SHANNON-WEAVER, 1963 ) and the species richness (S). The BENTIX index leads directly to the assessment of ECoQ if used alone, while the biological indices reach this goal only if taking into account the description of the habitat type related to typology. Finally both tools help to the assessment of the Ecological Quality Objectives (EcoQO) through the work of classification. Each step of this scheme is explained separately below:
a) Definition of benthic indicator species
Indicator organisms are species picked for their sensitivity or tolerance to various parameters, historically pollution. Benthic indicator species are used to a) define the habitat type (testing of typology) and b) classify the ecological quality. Based on the literature, zoobenthic species can be grouped into two major groups: the sensitive ones characterising a habitat type by their dominance (% abundance) or their exclusive presence in the specific habitats; and the tolerant: these are the so called resistant species and the first grade or second grade opportunistic ones. The indifferent species not affected by any kind of disturbance may be included in the first group. So in the general scheme presented, the sensitive species are used to define the habitat type and hence justify or test the typology of a given water body and both groups (the total fauna) are used in the plotting of the Bentix Index as well as the biological indices. The sensitive species are well adapted to their specific environment (k-strategy species) and are usually linked to one or a few similar habitat types presented in Annex I. Some are typical of a given type by their exclusive appearance in this type and others show a preference in a given type expressed by their numeric dominance. To give an indication of the importance of these species within each habitat type, the highest percentages met in Greek or other Mediterranean ecosystems are given also in the tables of Annex I. The tolerant species are generally opportunistic with low ecological requirements but sometimes they present affinities with specific conditions. A compiled list of tolerant species or instability indicators is presented in Annex II. b) Definition of the major benthic coastal and transitional habitat types encountered over the Mediterranean area.
The next step was the definition of the major soft bottom habitat types in the Mediterranean through experience and thorough review of the literature. Defining the habitat type is one of the basic links serving as a biological testing of the typological definition of a given water body. This is essential for the knowledge of the environment and for evaluating the benthic indicators (especially the indices of diversity) during the process of classification. Table 1 presents the major benthic habitats encountered in the Mediterranean considering the main environmental and biotic factors (depth, type of substratum, biota). The sensitive indicator species presented in Annex I are used to associate a benthic community to one of the habitat types. It is noteworthy that some habitat types as the muddy bottoms or the lagoons normally host several tolerant species.
Habitat types are derived initially from an adjustment of the classical bionomical system of biocoenoses described by PERES & PICARD (1964) which applies for the whole Mediterranean and Europe. In this work these benthic habitats will be referred to as in table 1, giving also an alternative description and the original definition. These modifications have been made to adjust the original definitions to the local conditions; also to simplify and generalise the scheme for the purpose of this work which would be applicable at European level. For example the Coastal Terrigenous Muds (VTC) biocoenoses originally is described from the Circalittoral zone 1 . However, in Greek ecosystems it is usually met also in closed gulfs of shallower depths encountered in 20-30m. So, for the purpose of this work it shall be called as the habitat of muds. Generally, the scheme adopted for the classification of habitats into types is based on the factors of depth, type of substrate, and phytal cover.
c) Development of a Biotic index (BENTIX)
Soft bottom macrobenthic communities respond to environmental disturbance or stress by means of different adaptive strategies. GRAY (1981a) considers that pollution effects can be separated into two categories: disturbance and stress, but in this work this distinction is not taken into account and both disturbance and stress, are considered as forms of pressure or pollution. Many authors have summarised the adaptive strategies towards pollution into three (GRAY, 1979) four (SALEN-PICARD, 1983 ) and five ecological groups according to their sensitivity to an increasing stress gradient (HILY, 1984; GLÉMAREC, 1986; MAJEED, 1987; GRALL & GLÉMAREC, 1977; BORJA et al., 2000) . Among these authors BORJA et al., (2000) proposed a biotic index receiving continuous values as a function of the relative abundance of the ecological groups present. The formula of BORJA et al., (2000) was based on the percentages of five ecological groups weighting their contribution with use of different factors. The concept of the new Bentix index lies in the reduction of the ecological groups involved in the formula, in 1 Circalittoral is defined as the bathymetric zone with upper limit the lowest extent of the marine angiosperms (around 35m) and with lowest (deepest) limit the lowest extent of sciaphilic algae (70-120m). order to avoid errors in the grouping of the species, and reduce effort in calculating the index, without at the same time loosing its discriminative power or sensitivity. Towards this scope, the five different degrees of sensitivity or tolerance to disturbance factors described so far, were integrated based on their affinity, in three ecological groups described below. Also an attempt was made to compile a list of indicator species assigning a score ranging from 1-3 corresponding to each one of the three ecological groups (Annexes I, II). The information to classify the species into the ecological groups was derived from works providing ecological characterisation of species (BORJA et al., 2000; CORBERA & CARDELL, 1995; SIMBOURA & NICOLAIDOU, 2001 ) and from reviewing the literature cited in Table 2 .
Ecological groups
Group 1 (GI). This group includes species which are sensitive to disturbance in general. These species corresponds to the k-strategy species, with relatively long life, slow growth and high biomass (GRAY, 1979) . Also species indifferent to disturbance, always present in low densities with non-significant variations with time are included in this group, as they cannot be considered as tolerant by any degree. Species belonging to this group were assigned with the score 1.
Group 2 (GII). Species tolerant to disturbance or stress whose populations may respond to enrichment or other source of pollution by an increase of densities (slight unbalanced situations). Also this group includes second-order opportunistic species, or late successional colonisers with r-strategy: species with short life span, fast growth, early sexual maturation and larvae throughout the year. Species belonging to this group were assigned with the score 2.
Group 3 (GIII). This group includes the first order opportunistic species (pronounced unbalanced situations), pioneers, colonisers, or species tolerant to hypoxia. Species belonging to this group were assigned with the score 3.
Based on the above description it appears that species may belong to one "sensitive" group or three different "tolerant" subgroups: the tolerant species, the second order and the first order opportunistic species. In the procedure of integrating all degrees of sensitivity in the formula, the different subgroups should be weighted equally in relation to the others so as not to under-or overestimate a given subgroup's significance in the calculation of the index.
The maximum reduction of the ecological groups involved in the formula would result to two groups: one "sensitive" and one "tolerant" group which according to the above analysis, should relate with a quantitative ratio of 1:3.
The limits of the scale were set from 2 to 6 (being 0 when the sediment is azoic) reversing the scale of BORJA et al. (2000) in an ascending way so as the value of 6 will correspond and reflect high EcoQ or reference conditions concerning the macrozoobenthos biological element. Therefore the factor assigned to the sensitive group GI should be 6, so that if 100% of the fauna are sensitive species the value of the index should correspond to the higher limit of the scale. Also the ratio of 1:3 should be reversed to 3:1 in favour of the sensitive group corresponding to the upper limit of the scale. Consequently the "tolerant group" should be assigned with the factor 2 following the ratio of 3:1. In this way groups GII and GIII, although they may appear in the formula to give a better reflection of the fauna's composition, they are treated actually as one "tolerant" group. The resulting formula tested and validated with data from Greek communities as well as Mediterranean, is: BENTIX = { 6 X %GI + 2 X (% GII + + % GIII)}/100 Use of the Bentix can produce a series of continuous values from 2 to 6, being 0 when the sediment is azoic (all groups zero). Numeric values between 2 and zero are nonexistent in the scale because if GI is zero the Bentix index is 2. A classification system of soft bottom macrozoobenthic communities is proposed based on the Bentix index and including five levels of ecological quality (table  3) . The boundaries between classes were set keeping equal distances among classes limited only by the two extremes of the scale (2-6) and were tested using data from various sites with known environmental pressures.
The Bentix index applies to all kind of marine soft bottom benthic data. A refinement of the upper limits of the scale is required in the case only of a type of habitat which is considered as physically stressed as is the habitat of muds. In this case the nature of the substratum with high percentage of fine particles favours the accumulation of organic matter. In addition the circulation regime in muddy very sheltered bays and the morphological conditions naturally favour the accumulation of nutrients and the stratification of the water column. Thus the benthic fauna is normally dominated by some tolerant species, typical of mud (scored with 2) reducing the Bentix index even if the conditions are undisturbed by human activities.
A possible refinement of the limits of the Bentix scale for use in the muddy habitats would change the moderate class range from 2.5-3.5 to 2.5-3, the good quality class from 3.5-4.5 to 3-4 and the high quality class from 4.5-6 to over 4. This suggestion was based on tests using benthic data from coastal muddy habitats with known environmental pressures.
d) Use of biological indices 1. the species richness (S)
This index is sample size and habitat type depended. Hence, when used for classification purposes it should refer to a standard sampling area ex. 0.1m 2 proposed for soft bottom coastal communities. Also the use of this index in classification requires definition of ranges of variation of S for each of the five ecological quality classes and for the various habitat types.
the index of Shannon-Wiener diversity (H')
This index also depends on sample size and on habitat type and equally should refer to a standard sampling surface. Ranges of variation of H' corresponding to five ecological quality classes should be defined for the various habitat types accordingly. Values presented in this work are mean values from a number of replicates within a site and from a number of sites within the same geographic area and habitat type.
e) A total of 26 data sets (Table 2 ) covering 32 geographic areas within Greece and the Mediterranean (Algeria, Lyon gulf, Turkish Aegean coasts) are used in order to test and validate the methods proposed. The data originate from published documents, NCMR technical reports and/or unpublished data in the possession of the authors, communicated data from colleagues all over the Mediterranean etc. The data was used and run in its analytical format referring to the standard sample size unit.
Results
The Bentix Index a) Application of the Bentix index to a range of data from Greek marine ecosystems Figure 2 shows the relative contribution of the three ecological groups in a degradation model from lowest (Bentix=0, azoic sediment) to highest ecological status (Bentix=6). The area of the diagram defined between the Bentix index values 0 and 2 is actually a non-value part of the scale as explained in the methodology.
The stations grouped for this model represent different benthic habitat types all over the Greek Seas. As it is evident communities belonging to the poor quality status are structured with GI representing less than 13% of the fauna, GII over 30% and GIII over 50% reaching 100%. For moderate quality status GI species represent less than 30%, GII over 13% and up to 88% and GII may reach 75% of the fauna. In the good quality status the contribution of GI sensitive species rises to over 38%, GII is between 37 and 57% and GII is less than 15%. Finally high quality status is characterised by GI over 68%, GII around 30% and GIII contributes less than 4%.
b) Validation of the method
To validate the new tool of Bentix index a Greek area was chosen that presents various types of habitats and levels of quality status: Saronikos Gulf.
Saronikos gulf receives the pressures of organic pollution mainly originating from the Psittalia central outfall of Athens metropolitan area (NCMR, 2001a) . The area, (including the innermost very enclosed Elefsis Bay) presents all levels of water quality and three types of habitats, namely muddy sand, sandy mud and mud. In December 2000, 24 stations were sampled using a box corer with 0.1m 2 sampling surface. The stations are located in Saronikos gulf with increasing distance from the site of station S7 in Psittalia where there is the outfalls of the sewage primary treatment plant (Fig.  3) . Table 4 shows the values of the biological indices, namely the community diversity (H'), the evenness of distribution J (PIELOU, 1969) , the species richness (S), the Bentix index and the derived EcoQ level in the three types of habitats.
To validate the Bentix index some water quality parameters as the Particulate organic Carbon concentration in seawater (POC), the Dissolved Oxygen concentration near the bottom (DO) and the percentage Organic Carbon content of the sediment (OC), were plotted against the Bentix index in the sampled stations (Fig. 4) . The values of the abiotic parameters used in the scatter diagramms are the mean annual values of the year 2000 (table  4) .
As seen in Figure 4a the index increases with Dissolved Oxygen increasing and the DO reaches the maximum value of 4.97 ml/l corresponding to the maximum value of the Bentix (4.27) and high EcoQ. The Spearman rank correlation between DO and the Bentix is statistically significant (p<0.01). The Particulate Organic carbon concentration in seawater on the other hand shows a decrease with the increase of the index (Fig. 4b ) but this negative relationship is not statistically significant. The concentration of the Organic Carbon in the sediment (OC) shows a similar pattern with POC (negative relationship with the Bentix index, although again not statistically significant) reaching the lowest value of 0.35% in the highest EcoQ station with the Bentix index reaching the highest value of 4.95 (Fig. 4c ). In conclusion, the water and sediment quality attributes are directly reflected to the Bentix index. 
The diversity indices a) Species richness (S).
The species richness (S), can be a reliable tool for measuring environmental stress, provided that it is used under the following conditions: i. Occurring within a well defined sampling unit (standard 0.1m 2 ): a cumulative increase of species number with sampling effort is a well-established pattern exhibited in many geographic areas and also documented in the Greek Seas. Table 5 shows that the maximum number of species (mean value) in pristine areas ranges from 88.5 to 187 depending on the surface area sampled. ii. From samples collected with the same gear (standard grab 0.1m 2 , mesh sieve 0.5mm):
Results have shown that up to 40% more species (25% of an average) can be encountered when using a finer mesh sieve. iii. Referring to the same habitat type (ranges to be defined per habitat type): based on data collected over a variety of soft bottom habitats in Greek waters it appears that number of species, ranges between 3.3 and 124 species per 0.1m 2 , depending on depth and type of substratum (Table 5 ). It is obvious that the communities richer in species number are those in sandy muds and muddy sands. iv. The species identification is being done at the same taxonomic level (4 major groups or all groups). Given all the above assumptions, an example is cited (figure 5) to demonstrate how species richness can be used to assess the ecological status of an area. The example is based on real data from an area where at least 4 classes were evidenced (S. Evvoikos Gulf following an oil spill; source: NCMR, 2001c).
b) Community diversity (H')
The number of species and their relative abundance can be combined into an index that shows a closer relation to other properties of the community and environment than would species richness alone. The Shannon-Wiener diversity index, developed from the information theory, is perhaps the most popular diversity index with marine biologists, has been tested in various environments and since it is calculated solely from the relative abundance of species is considered a perfectly valid parameter from a biological point of view (HEIP, 1980) . However, this index is relatively biased towards the species richness aspect of diversity compared to other indices (PLATT et al., 1984) and also it has been argued that it is no more sensitive than the total abundance and biomass patterns in detecting the effect of pollution and is more time-consuming. A decreasing trend with depth has been Table 4 BENTIX index, the biological indices (diversity H', species richness S, eveness J), abiotic parameters (Dissolved oxygen DO, Particulate organic carbon POC, Total organic carbon in sediment TOC) and EcoQ in different substrata in Saronikos Gulf. Sandy mud
Muddy sand
Stat. S2 S1 S26 S29 S26A S27 S3 S8 S28 S26B S11 S11A S11B S16 S16A S16B S13 established in a N. Aegean transect with minor variation of the community diversity among replicate samples (Fig. 6 ). Community diversity in Greek waters has been calculated to range between 1.82 to 6.68, if calculated on pooled data. However, if calculated on a standard sampling unit (0.1m 2 ) the maximal value is 6.06 bits Ø unit -1 (Table 5) . Table 6 presents the range of values of H' estimated per habitat type in different areas all over Greece and some from the eastern and western Mediterranean.
As seen in Table 6 , community diversity values are lower in transitional waters (lagoons, deltas, midlittoral zone) and peak in coarser sediments (mixed sands, coarse sands, coralligenous bottoms). Certainly community diversity is lowered by severe pollution stress compared with control areas or years. The maximum values of H' coincide with the pristine areas of Petalioi Gulf (Aegean), Strymonikos Gulf (coarse sands community), Milos island and Ionian Sea.
Within the same habitat type, benthic community diversity is directly related to the ecosystem quality. The distinction into five ecological classes (as defined in the WFD) is presented for one habitat type, that of the shallow muddy sands or muddy sands in protected areas (SVMC community) (Fig. 7) . Values depend partly on the studied area (sampling surface), yet the same trend is Table 5 Range of species variety (S) and community diversity (H') for different sampling units and habitat types. evident along the pollution gradient, which is irrespective of geographic area. A similar range of values has been calculated in muddy/sandy substrata encountered in closed gulfs. Thus, a somewhat arbitrary assessment of ecological quality status, based on long experience of the authors in closed gulfs (Saronikos, Thermaikos), can be drawn using the diversity index (Table 7) . This is further supported by literature in other Mediterranean areas and refers to closed ecosystems, and to estimated values as means per 0.1m 2 .
Comparison of the methods a. Application of the methods in Saronikos gulf
In order to cross check effectiveness of the Bentix index against or in combination with the other tools of classification (biological indices of community diversity and species richness) to assessing EcoQ, the data of the Saronikos gulf case study were used (table 4). In the diagrams of Figure 8 the community diversity and the species richness of the stations studied are plotted in combination with the Bentix index showing also the EcoQ according to the Bentix in increasing order. It is apparent that the community diversity is lower in the muddier sediments compared with the same quality level coarser sediments (muddy sand, sandy muds). The same is also valid for the species richness. Generally the biological indices values and especially those of the diversity index are relevant with the values of the Bentix index having lower values in the lower level quality status.
However there appear some differences in the results of the two methods, ie. stations S26B and S16B (Table 4) are classified according to Bentix to the good EcoQ, while the diversity values of 5.46 and 5.52 respectively ranks them to the high EcoQ. This is explained by the fact that H' encompasses both species richness and evenness and may be high due to increased species richness (S=71 in S26B and S=78 in S16B) while at the same time some tolerant species reach fairly high densities i.e. Eunice vittata reaches densities of 7.34% and 11.8%. This situation may be evident in the reduction of the evenness index (J=0.88 in S16B) and is often encountered in intermediate levels of disturbance showing sometimes elevated species richness. From this example it is evident that the Bentix reflects better the EcoQ than the diversity index does, as the change in the species composition is better expressed. Table 7 Classification scheme of muddy/sandy benthic habitats based on diversity index (H').
b) Application of the methods in a Western Mediterranean area
To apply the Bentix index in the Western Mediterranean and compare it with the results of the diversity indices, a set of data (MASSÉ, 1971) coming from the Bay of Prado (Gulf of Lion) was used. These macrozoobenthic data was collected from the infralittoral well sorted fine sands or shallow sands habitat. The values of the Bentix index, the biological indices H, J and S, and the corresponding EcoQ in the two stations studied are given in table 8. Station 1 is mentioned as most exposed, and more pure (greater self purification capacity) than station 2, which is more exposed to the river "Huveaune" outputs representing a source of pollution from urban and industrial wastes. It is evident that the Bentix index values differentiate among stations reflecting the lower EcoQ of station 2, while the diversity indices values give comparable results among stations.
Discussion
Although it is not yet well established it seems that specific types of habitats or ecosystems are common throughout the Mediterranean ecoregion and that the corresponding communities can be classified into types which are similar in their basic structure and composition throughout the Mediterranean. Of course there are species that present local patterns of distribution within the Mediterranean Sea, but in principle their congeneric or others of similar ecological significance occur in similar habitats.
Therefore a single system of benthic habitat types may be adopted for the Mediterranean and used for typology testing. In fact the typology of a given water body as defined by the WFD will be based on physical variables, but the biology ex. the description of the habitat type by using benthic indicator species, will serve as a testing and justification of the typological definition. A core set of species characterising each type of habitat may be derived including species presenting wide or limited distribution patterns. Similarly a group of species indicating disturbance or pollution pertaining to the Mediterranean Sea may be assembled to use in classification methods.
The need of the interpretation of the macrobenthic data and its use in detecting anthropogenic stress, disturbance and change has led to the development of an extensive number of concepts and numerical techniques: diversity indices, multivariate tools, graphical representations, indicator species, biotic indices (ELLIOTT, 1993; 1994) .
Among them, diversity indices are basically an approach to biological quality through the structure of the community. The Shannon-Wiener index of diversity is, without doubt, one of most commonly used diversity indices in the assessment of pollution in marine benthic communities. However, the use and interpretation of this and other indicators (i.e. Hill numbers, Simpson, number of species), has been subjected to much debate (CLARKE & WARWICK, 1994; JENNINGS & REYNOLDS, 2000) . The values of all these indices are influenced by sampling methodology, sample size and identification procedures. Their validity with hard substrata communities is further argued because colonial organisms are not easily enumerated. Consequently, species richness and community diversity values can only be compared if the same sampling methodology has been followed, including same level of taxonomic expertise. Also these indices are habitat type dependent, which means that different ranges of values or classification schemes should apply for different habitat types.
Graphical representation methods of the community structure are also widely used in ecological assessment of benthic ecosystems. The log-normal distribution method (GRAY, 1981b) compares species abundance patterns with theoretical models. Another graphical representation method, the abundance/ biomass comparison (ABC) plots is commonly used in coastal waters and to a lesser degree in estuarine waters (WARWICK, 1986) .
Multivariate techniques unlike diversity measures take into account changes in taxa and base their comparisons on the extent to which different data sets share particular species, at comparable levels of abundance. Multivariate statistics have also been used at higher taxonomic levels (genus, family and phylum) like the Phylum-level meta-analysis of WARWICK & CLARKE 1993 ).
An EcoQ assessment tool proposed recently is the relative abundance of indicator species (fragile and/or opportunistic) in respect to the total fauna, which however requires the definition of reference levels for each habitat type and the definition of the ranges of variation for each quality class to use for classification purposes (De BOER et al., 2001; ZENETOS & SIMBOURA, 2001 Biotic indices approach ecological quality through the use of the indicator organism concept and like multivariate methods they take into account changes in taxa. Although taxonomy may vary widely, the methodology behind establishing biotic indices may be universal.
Biotic indices based on some families of a given group, for example the Cirratulids & Paraonids (Polychaeta) have been used to assess organic pollution (BELLAN et al., 1981) . Also the ratio of Nematodes/Copepods has been proposed as an index for organic pollution assessment (RAFFAELLI & MASON, 1981) but has been much debated and have been not used very widely. proposed the ratio of the dominance of tolerant to pollution polychaete species/the dominance of the polychaete species indicative of purity as an Index of Pollution (IP) directly correlated to the degree of organic pollution. In the same philosophy is the index of r/k (r-strategy species/k-strategy species) proposed by De BOER et al. (2001) which considers all benthic taxa. However they emphasise the difficulty of the exact scoring of each species through the biological trait analysis.
The Infaunal Trophic Index (WORD, 1979) was designed for use in coastal waters with organic contamination only, and involves allocating species into one of four feeding groups combining the percentages in a formula. But this approach has the difficulty of determining in detail the trophic habits of many species which often is not an easy task and information is scarce on that topic.
The Biological Quality Index (BQI) developed by WILSON et al. (1987) is used in conjunction with the Pollution Load Index (PLI) for the characterisation of the ecological quality of estuarine ecosystems. The BQI is based on the characterisation of each intertidal zone as one of three categories (abiotic, opportunistic, stable) with the use of indicator species. The areas assigned to each category are accurately mapped and then expressed as proportions of the total area of the estuary. The main difference with the Bentix is that the BQI is based on a qualitative estimation of the dominance of some indicator species, while the Bentix takes into account the percentages of all benthic species scored appropriately.
Another Biotic index, the Coefficient of Pollution (CoP) proposed by SATSMADJIS (1982) is based on the empirical relationships between the numbers of individuals and species in unpolluted macrobenthic communities with sediment granulometry and water depth. However, its sensitivity was doubted and its widespread application is questionable (WARWICK, 1993) .
Taxonomic distinctness (¢ + ) is a univariate (bio) diversity index. It utilises simple species lists (presence/absence data) to derive ¢ + which encompasses not only distribution of abundance's amongst species but also the taxonomic relatedness of the species (WARWICK & CLARKE, 2001 ). Taxonomic distinctness is reduced in respect to increasing environmental stress and this response of the community lies at the base of this index's concept.
The concept of a biotic index based on the entire macrozoobenthos and using a formula which gives a series of continuous values has been only recently developed, at least at European scale. The first attempt to construct a single formula to obtain a continuous index was that of BORJA et al. (2000) . ROBERTS et al. (1998) have also proposed an index based on macrofaunal species scored according to the ratio of each species abundance in control versus impacted samples. This index however is semi-quantitative and is site and pollution type specific.
The main difference of the formula suggested in this work for deriving BENTIX, from the formula of BORJA et al. (2000) is that the utilised ecological groups are eliminated from five to three giving the same weight (2) for the tolerant-second order opportunistic and the first-order opportunistic species. In this way the treated groups are posteriorly reduced to two: the sensitive and the tolerant. Also each ecological subgroup is weighted equally in relation to the others, resulting eventually to the ratio of 3 to 1 for the sensitive versus the tolerant group. As was proved from the testing and validation of the method, the reduction of the number of ecological groups involved does not affect the discriminative power of the index. It seems that a weighted ratio expressing the differential weight between the two ecological groups, describes well the shifts in the community composition balance and is effective in discriminating among five classes of ecological quality.
Reducing the number of groups has the advantage of avoiding uncertainty regarding the grouping (two groups instead of five) and also of increasing the simplicity of its calculation. Although two groups are eventually used in the calculation of the Bentix index, it is recommended to obtain the relative contribution of the three ecological groups in the fauna as it is essential for the understanding of the community composition.
At this point it should be mentioned that the Bentix index bears great similarity in its concept with the IP index of as the latest also uses only two ecological groups. However, the main difference lies in the weighted factors used in the Bentix index formula which express the differential weight among the two ecological groups and is believed to give the Bentix index a higher descriptive value compared with the IP.
Another difference with the index of BORJA et al. (2000) is that the scale of classification is reversed in an ascending way from bad (0) to normal (6) so as to reflect the high EcoQ.
As tested with data coming from other parts of the Mediterranean as the Prado bay (gulf of Lion) (MASSÉ, 1971 ) the Bentix index has global validity, at least within the Mediterranean Sea. Indeed, the Bentix index method applied in the case of the Prado gulf data differentiated between stations and reflected well the ecological quality status of these areas as described by the environmental characteristics and the quantitative analysis of the macrofaunal populations (MASSÉ, 1971) .
On the other hand the indices of diversity, evenness and species richness did not show great differences between the two stations. This is attributed to the fact that the area is generally highly populated with benthic fauna and present some especially high densities of some species. These extremely abundant species which lower the evenness and diversity indices at both stations almost equally, include in the case of station 1 some sensitive species like Spiophanes bombyx and the Turbellaria worms, while in station 2 they are mostly opportunistic species as Phoronis psammophila and Spio decoratus.
In an attempt to evaluate and compare the indices discussed, two properties of the indices were separately valued: dependence on external factors and the ability of the indices to reflect the different community attributes. The overall dependence of an index on external factors such as the sample size, the habitat type and the degree of taxonomic effort required to obtain the index, represents the "robustness" of the index. An index which is independent from the sample size, applies to a great range of habitat types and does not require exhaustive taxonomic effort, is a robust index with high practical value. On the other hand, an index should reflect and describe the structural and biotic attributes of a community which relate to the response of the benthic communities to disturbance factors. Such communities attributes are for example the species richness, the evenness of the species' distribution and the faunal composition in relation with sensitivity or resistance of the species to disturbance factors. The ability of an index to integrate these attributes corresponds with the power of the index to discriminate among different ecological quality classes and represents the "effectiveness" of the index. Table 9 gives an overall qualitative evaluation of the indices discussed in this work, viewing them as tools for the classification of benthic communities into ecological quality classes.
As seen in Table 9 the Bentix index proposed is a very robust and adequately effective tool in classifying benthic communities into ecological quality classes. Its robustness lies in the fact that it is largely habitat type and sample size independent and thus has a potential for global application. Its effectiveness in discriminating between ecological classes is based on its ability to reflect the faunal composition in relation with the resistance of species to disturbance factors.
Limitations of the use of the Bentix index are met in the case of transitional waters (estuaries and lagoons) where the natural conditions favour the presence of tolerant species in very high densities. In this case undisturbed lagoons or estuaries may appear with low quality status if the Bentix index is used. Other indices such as the geometric body size distribution may be more reliable (REIZOPOULOU et al., 1996) .
The biological index of H' gives a good description of the community structural and biotic aspects. However, only if used in combination with the Species richness, the evenness index, and maybe the faunistic data, so as to highlight the dominance of opportunistic species, gives a safe description of the community structure and composition. Besides, its high dependence on external factors renders the index inconvenient for use in a benthic community ecological classification scheme. 
